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ABSTRACT 



An image pickup apparatus receives light on image 
sensing elements and generates an electrical signal cor- 
responding to integrals of luminances thereon with 
respect to time and outputs the electrical signal to an 
A/D converter. A disk shaped color filter unit, having 
red, green, and blue color filters with the same sectorial 
shape, is rotated so the color filters are respectively 
disposed on the optical path of light falling on the image 
sensing elements. A control unit monitors the magni- 
tude of a digital signal converted by the A/D converter 
and controls the filter moving unit based on the magni- 
tude of digital signal so that the color filter is rotated at 
a higher rotating speed when the illumination of the 
environment is higher. Further, the control unit con- 
trols the color filter moving unit so that the color filter 
is rotated at a first speed n, when a color image signal 
generating mode is set, and controls the color filter 
moving unit so that the color filter is moved at a second 
speed 3n times the first speed when a black-and-white 
image signal generating mode is set. 

15 Claims, 13 Drawing Sheets 
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IMAGE PICKUP APPARATUS FOR RECEIVING 
LIGHT AND CONVERTING TO AN ELECTRICAL 
SIGNAL CORRESPONDING TO THE LIGHT 

5 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an image pickup 
apparatus and more particularly to an image pickup |Q 
apparatus for receiving light including image informa- 
tion and producing an electrical signal corresponding to 
the intensity of the light. 

2. Description of the Related Art 

As shown in FIG. 8, a conventional image pickup J5 
apparatus 50 for receiving light including image infor- 
mation and producing electrical signals corresponding 
to the light is provided in its front portion with a lens 
system 51. A charge coupled device (hereinafter abbre- 
viated to "CCD") 53, which is formed of solid-state ^ 
image pickup elements, is disposed at the focal point of 
the lens system 51 on which the image of an object 52 is 
focused. 

If the CCD 53 is a linear image sensor of a rectangu- 
lar shape, as shown in FIG. 11, the CCD 53 is provided 25 
with a linear arrangement of image pickup elements 56 
having a width w on the order of 10 u,m that are linearly 
arranged parallel to the longer axis of the rectangular 
shape facing toward the lens system 51. A filter unit 54 
is disposed between the lens system 51 and the CCD 53 30 
on an optical path 52a. As shown in FIG. 9, the filter 
unit 54 comprises a circular filter holding disk 55 hold- 
ing a red filter 55R, a green filter 55G, and a blue filter 
55B arranged at equal angular intervals, a shaft 54C 
joined to the central portion of the filter holding disk 55, 35 
and a step motor 57 coupled with the shaft 54C (FIG. 
8). The step motor 57 rotates the shaft 54C to locate the 
filters 55R, 55G and 55B selectively on the optical path 
S2o. 

As shown in FIG. 8, the CCD 53 is electrically con- 40 
nected to an analog-to-digital converter (hereinafter the 
analog-to-digital convener is referred as **A/D con- 
verter") 58, which converts analog signals output by 
the CCD 53 into corresponding digital signals. A stor- 
age device 59, which is electrically connected to the 45 
A/D converter 58, stores digital signals output by the 
A/D convener 58. A control circuit 60 is electrically 
connected to the CCD 53, the A/D converter 58, the 
step motor 57, and the storage device 59 in order to 
control their operation as described below. 50 

The control circuit 60 drives the step motor 57 to 
rotate the shaft 54C so as to locate the red filter 55R on 
the optical path $2a to focus the red image component 
of the object on the CCD 53. The control circuit 60 
controls the CCD 53 so that the CCD 53 outputs a 55 
signal representing the quantity of light received, i.e., 
the integral of the luminance on the CCD 53 in the fixed 
time. The analog signal output by the CCD 53 is con- 
verted into a corresponding digital signal by the A/D 
convener 58 and the digital signal is stored in the stor- 60 
age device 59. Thus, the red image data of the object is 
read by the image pickup apparatus 50. 

The step motor 57 is driven for rotation of the shaft 
54C through an angle of 120° over a fixed time as con- 
trolled by the control circuit 60 so that the red filter 65 
55R, the green filter 55G and the blue filter 55B are 
respectively located on the optical path 52a and held on 
the optical path 52a for a fixed time. Hereinafter, the 



foregoing procedure will be referred to as an image 
pickup procedure. 

Referring to FIG. 12, if a time T required for turning 
the filter holding disk 55 through an angle of 120* coin- 
cides with a time T in which the CCD 53 is charged, 
namely, an integral time (hereinafter the time will often 
be referred to as read time), red, green and blue image 
data can be acquired while the filter holding disk 55 is 
turned one full turn, namely, through an angle of 360*. 
The angular phase of the filter holding disk 55 is mea- 
sured to the right on the horizontal axis, and the angular 
phase of the filter holding disk 55 is 0' when the bound- 
ary line L between the red filter 55R and the blue filter 
55B (FIG. 9) is in alignment with the CCD 53. Since the 
filter holding disk 55 is routed at a fixed rotating speed, 
the horizontal axis indicating the angular phase may be 
regarded as a time-base axis. 

The green and blue image data of the object 52 are 
read by the same procedure as that for reading the red 
image data, and digital signals corresponding to the 
green and blue image data are stored in the storage 
device 59 as digital green and blue image data. The 
digital red, green and blue image data stored in the 
storage device 59 is sent through an interface IF to an 
external device (not shown), which includes devices 
such as a microprocessor. 

The image pickup apparatus 50 as described has a 
disadvantage in that the apparatus 50 requires a compar- 
atively long time for reading the red, green and blue 
image data because the filters 55R, 55G and 55B are 
turned through a fixed angle over a fixed, long period of 
time regardless of the illumination level of environment 
and, in particular, in the case of high illumination. 

If the image pickup apparatus 50 is used for reading a 
black-and-white image, the filter holding disk 54 is held 
stationary with one of the filters 55R, S5B, and 55G. 
For example, the green filter 55G is located in front of 
the CCD 53 on the optical path 52A to focus a green 
image on the CCD 53. Thus, the white image data is 
substituted by the green image data. Accordingly, the 
gradations between black and white images of the ob- 
ject cannot be discriminated clearly from each other 
because of the single color filter effect. 

Another conventional image pickup apparatus, as 
shown in FIG. 10, employs a CCD 61 having a plurality 
of image pickup elements 61 A covered respectively 
with red filters 62R, green filters 62G and blue filters 
62B. This image pickup apparatus, however, has a dis- 
advantage in that the resolution thereof is ft that of the 
image pickup apparatus 50 because ) of the image 
pickup elements 61 A of the CCD 61 are assigned to 
each of the red, green and blue images, respectively. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to overcome 
the foregoing disadvantages and to provide an image 
pickup apparatus capable of reading an image in a com- 
paratively short read time and having a high resolution. 

Another object of the present invention is to provide 
an image pickup apparatus capable of accurately read- 
ing black-and-white images as well as color images. 

In one aspect of the present invention, an image 
pickup apparatus comprises: an image pickup means for 
receiving light thereon and for generating electric sig- 
nals corresponding to integrals of luminances of the 
light with respect to time and for outputting the electric 
signals; a color filter unit including at least two different 
color filters which are respectively disposed on an opti- 



08/11/2004, EAST Version: 1.4.1 



5,155,585 

3 4 

cal path of light falling on the image sensing elements; a FIG. 3 is a fragmentary perspective view of an image 
moving means for moving the color filter relative to the pickup device comprising a large number of image sens- 
image sensing elements to locate the color filter sequen- ing elements; 

tiaJly on the optical path; and a control means for con- FIG. 4 is a graph showing the photoelectric conver- 

trolling the moving means to vary the moving speed of 5 sion characteristics of the image sensing elements of 

the color filter based on the illumination of the environ- FIG. 3; 

mem FIG. 5 is a block diagram of a second embodiment of 

The image pickup means outputs the electric signals an image pickup apparatus of the invention; 

corresponding to the integrals of luminances thereon FIGS. 6A and 6B are a flowchart and a table, respec- 

with respect to time. The color filter moving means 10 lively, of the operation of the image pickup apparatus of 

locates the color filters sequentially on the optical path the second embodiment; 

of light falling on the image sensing elements and the FIG. 7 is a diagram of the production of a monochro- 

control means controls the filter moving means based matic image by adding and mixing red, green and blue 

on the illumination of the environment so that the color images using the second embodiment; 

filter unit is moved at a higher moving speed when the 15 FIG. 8 is a block diagram of a conventional image 

illumination of the environment is higher. pickup apparatus; 

Thus, the image pickup apparatus, in accordance flG. 9 is a plan view of a conventional color filter 

with the present invention, is capable of shortening the um Ii_ — . , . . , 

image reading time based on the illumination of the 1Q FIG. 10 is a fragmentary perspective view of a con- 

environment and, at the same time, has a high rcsolu- ve 2^ J?^* plckup d ? ac * . AmA . 

^ on FIG. 11 is a plan view of a CCD provided with image 

In another aspect of the present invention, an image " p f! 6 "^ 18 * md f . . . 

pickup apparatuVcomprises: an image pickup means for FIG. 12 is a diagram of the color image reading oper- 

receiving light thereon and for generating electric rig- 25 aUon ° f 8 C ° Ior Image feadmg a PP aratus ' 

nals corresponding to integrals of luminances of the DETAILED DESCRIPTION OF THE 

light with respect to time and for outputting the electric PREFERRED EMBODIMENTS 

signals; a color filter unit including red, green, and blue „ P • „ rTr , P ._,. rtf ... • 0 „ 0 

i rx. u* u . aZ^^c^a ^« tfc* Refemng to FIG. 1, a first embodiment of the image 

color filters which ^ ™pect ^J^"* ™ £ „ pickup apparatus 25 of the invention has a lens system 
opt.cal path of l.ght fall.ng on the mage sen mg - 30 J £Jg front ^ a CCD „ wWch 

menu; a movmg means for movng the coto f Iter rela- fu J^ n image pickl £ means , disposcd behind the 
t,ve to the .mage sensmg elements^ o locrtethe ^color ^ ^ s ^ tenl „ a pluraliTy 

filter sequent.ally on the opt.cal path; a mode set mg J ^ * ^ ^ 

means for setung one of a color .mage s.gnal genera mg ^ J ^ ^ q{ m 

mode and a black-and-wh.te .mage jgnal generatmg 35 * ^ djsUnce from the ltn ? system 

mode; and a control means for controlling said moving J Qn ^ 

means so that the color filter unit is moved at a first 3 ^ ^ ^ ^ showmg thc aevenJ hun . 

speed n when the color image signal generating mode is dfed { ^ e i cments UA of the CCD 

set by the mode setting means and the color filter unit is n ^ ^ in lincs ^ cdu^ at intervals, 
moved at a second speed 3n (n is a positive integer) «i ^ CCD n receives on the image sensinB elc . 
times the first speed when the black-and-white image mcms UA ^ gcncratcs clcclric signals corresponding 
signal generating mode is set by the mode setting means. %Q mtegraU of luminances with respect to time and 
Suppose that this image pickup apparatus reads each outputs c i cc tric signals. Therefore, optical data of the 
color image for a time T for integration to generate a ^ 1Q focused on the image sensing elements 12A t is 

color image signal by rotating the color filters at the converted into corresponding electric signals, 
first speed n. If the color filters are rotated at a speed A co , or fiher ^ 13 is disposed between the lens 
three times (3n) the first speed, each of the red, green systcm n and thc CCD w As $hown in F IG. 2, the 
and blue filters is located at the working position once filter unit 13 is ^ sna ped and comprises a red 

in the time T for integration in which the color filters ^ fl]ter 14R> a grcen fl ] tcr 14G ^ a o]uc fti ter 143 having 
are turned one full turn and, consequently, a monochro- the same sectorial shape. The color filter unit 13 is sup- 
matic image produced by mixing the red, green and blue ported on a shaft 13C for rotation about the axis of the 
images falls on the image sensing elements. Thus, the sna ft 13c. The color filter unit 13 is turned to locate the 
black and white images are discriminated accurately fu ters j4R ( hq ^6 14B sequentially, between the lens 
from each other and other color images can accurately 55 S y S tera 11 and the CCD 12, on an optical path 10A. The 
be received. shaft 13C is coupled with the output shaft (not shown) 

BRIEF DESCRIPTION OF THE DRAWINGS ° f ******** « which functions as a moving means. 

An interior space of the image pickup apparatus 25 is 

The foregoing and other objects, features and ad van- enclosed by a black shading wall (not shown), 
tages of the present invention will become more appar- $q A magnet 15 for detection of the rotating speed of the 
ent by reading the following detailed description of the color filter unit 13 is attached to the circumference of 
preferred embodiments of the invention, when consid- the color filter unit 13 on a boundary between the red 
ered in connection with the accompanying drawings, in filter 14R and the blue filter 14B as shown in FIG. 2. A 
which: Hall -effect integrated circuit (hereinafter referred to as 

FIG. 1 is a block diagram of a first embodiment of an 65 a "Hall IC") 16 is disposed near the circular path of the 
image pickup apparatus; magnet 15. The Hall IC 16 generates a pulse on the basis 

FIG. 2 is a plan view of a color filter unit employed of a detection of the magnet 15 every time the magnet 
in the image pickup apparatus of FIG. 1; 15 crosses the Hall IC 16. The number of pulses gener- 
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ated by the Hall IC 16 in a fixed time interval corre- 22, the higher the speed of the writing operation of the 

sponds to the routing speed of the color filter unit 13. storage device 22. 

The image pickup apparatus 25 is provided with a An output terminal 19H of the variable-frequency 

control circuit 24 for controlling operation of the com- oscillator 19 is electrically connected to a stepping 

ponents of the image pickup apparatus 25. The control 5 motor driver 18 so that a signal output at the terminal 

circuit 24 functions as a control means. The Hall IC 16 19H of the variable-frequency oscillator 19 is input to 

is electrically connected to the control circuit 24 and a the driver 18 for driving the step motor 17. The rotating 

pulse string generated by the Hall IC 16 is applied to the speed of the step motor 17 is determined based on the 
control circuit 24 for monitoring the rotating position of frequency of a signal applied to the driver 18 through 

the color filters unit 13. The control circuit 24 stores 10 the output terminal 19H of the variable-frequency oscil- 

rotating position data of the filters 14R, 14G, and 14B as lator 19. Therefore, the increase in frequency of a signal 

described below. The rotating position data of the filters applied through the output terminal 19H to the driver 

14R 14G, and 14B are formed of standard position data, 18 is proportional to the speed of rotation of the step 

corresponding to the position of the boundary between motor 17. 

the red filter 14R and the blue filter 14B, and distance 15 The variable-frequency escalator 19 outputs one of 

data, representing distances of the filters 14R 14G, and six kinds of signals with different frequencies, Hl[Hz], 

14B from the boundary along a circumference of the H2[Hz], H3[Hz](Hl [Hz] < H2[Hz) < H3[Hz]), 3*H1[- 

color filter unit 13. Hz], 3 , H2[HzJ, 3»H3[HzJ respectively at the terminal 

A variable-frequency oscillator 19 is electrically con- 19H of the variable-frequency oscillator 19. The varia- 

nected to the control circuit 24 so that the variable-fre- 20 ble-frequency oscillator 19 outputs one of three kinds of 
quency oscillator 19 can output signals of a number of signals with different frequencies, Kl[Hz], K2[Hz], 

frequencies under control of the control circuit 24 as K3[Hz](KltHz]<K2[Hz]<K3[Hz]), respectively at 

described below. One output terminal 19K of the varia- the terminal 19K of the variable-frequency oscillator 19. 

ble-frequency oscillator 19 is electrically connected to a In this embodiment, the signals with different frequen- 

CCD driver 20 so that a signal output by the oscillator 1 cies 3»Hl[Hz), 3*H2[Hz], 3»H3[Hz] are not used. How- 

19 is input to the CCD driver 20. An analog-to-digital ever, the signals with different frequency 3*Hl[Hz], 

converter (hereinafter the analog-to-digital is referred 3*H2[Hz], 3*H3[Hz] may be used for controlling the 

as M A/D converter") 21 is electrically connected to the operation of the components of the image pickup appa- 

CCD 12 so that a string of analog signals output by ^ ratus 25 as an alternative embodiment. The variable-fre- 

CCD 12 is converted to a string of a digital signals quency oscillator 19 is formed of a well-known crystal 

sequentially. oscillator (not shown) and a well-known counter (not 

The A/D converter 21 is electrically connected to shown) for dividing signals output by the crystal oscilla- 

the terminal 19K of the oscillator 19 so that the signal tor. 

output by the oscillator 19 is input to the A/D con- 35 Group signals are defined as the signal with the fre- 
verter 21 for controlling the A/D conversion of the quency Hl[Hz] output at output terminal 19H and the 
A/D converter 21. The A/D converter 21 is electri- signal with the frequency Kl[Hz] output at output ter- 
cally connected to the control circuit 24 so that the minal 19K simultaneously (hereinafter the group signals 
signal output by the oscillator 19 is input to the control are referred to as the Group signals (x), where x= 1,2,3, 
circuit 24 for monitoring the digital signals. The A/D 40 4,5,6). Group signals (2) are defined as the signal with 
converter 21 is electrically connected to a storage de- the frequency H2[Hz] output at output terminal 19H 
vice 22 so that a string of the digital signals, as a read and the signal with the frequency K2[Hz] output at 
data, output by the A/D convener 21 is input to the output terminal 19K simultaneously. Group signals (3) 
storage device 22 on the basis of a write clock described are defined as the signal with the frequency H3[Hz] 
below. A write clock terminal 22K of a storage device 45 output at output terminal 19H and the signal with the 
22 is electrically connected to the oscillator 19 so that frequency K3[Hz] output at output terminal 19K siraul- 
the signal, as the write clock, output at the terminal 19K taneously. Group signals (4) are defined as the signal 
of the oscillator 19 is input to the storage device 22 for with the frequency 3 # Hl[Hz] output at output terminal 
controlling the writing operation of the storage device 19H and the signal with the frequency Kl[Hz] output at 
22. 50 output terminal 19 K simultaneously. Group signals (5) 
The CCD driver 20 drives the CCD 12 based on the are defined as the signal with the frequency 3*H2[Hz] 
frequency of a signal applied thereto through the output output at output terminal 19H and the signal with the 
terminal 19K of the variable-frequency oscillator 19. frequency K2[Hz]output at output terminal 19K simul- 
That is, the higher the frequency of a signal applied taneously. Group signals (6) are defined as the signal 
through the output terminal 19K to the CCD driver 20, 55 with the frequency 3»H3[Hz] output at output terminal 
the higher the speed of operation of the CCD 12. The 19H and the signal with the frequency K3[Hz] output at 
A/D converter 21 executes an A/D conversion opera- output terminal 19K simultaneously, 
tkro based on the frequency of the signal applied thereto The output terminal of an oscillator 23, Which gener- 
through the output terminal 19K of the variable-fre- ates a signal of a fixed frequency, is electrically con- 
quency oscillator 19. That is, the higher the frequency 60 nected to the read clock terminal 22H of the storage 
of a signal applied through the output terminal 19K to device 22. Data stored in the storage device 22 is read in 
the A/D converter 21, the higher the speed of the A/D synchronism with the frequency of the signal applied to 
conversion of the AD converter 21. The storage device the read clock terminal 22H, and then the read data is 
22 stores digital signals output by the A/D converter 21 sent to an external device 26 which is electrically con- 
in its storage regions in synchronism with the frequency 65 nected to the output terminal 22P of the storage device 
of a signal applied to the write clock terminal 22K. 22. The storage device 22 is capable of operating at a 
Therefore, the higher the frequency of a signal applied read speed different from a write speed. Memory 
through the output terminal 19K to the storage device TMS4C 1050 and 1060, supplied by Texas Instruments 
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Corporation, are representative of such a storage de- quency H2[Hz] is output at output terminal 19H and the 
vice. signal with the frequency K2[Hz] is output at output 
The control circuit 24 controls the speed of operation terminal 19K. The control circuit 24 controls the re- 
of the step motor 17, the CCD 12, the A/D converter spec five operating speeds of the CCD driver 20, the 
21 and the storage device 22 on the basis of the fre- 5 A/D converter 21 and the storage device 22 simulta- 
quency of the signal output by the variable-frequency neously based on the frequency of the signal which is 
oscillator 19. The control circuit 24 includes CPU 24A output at the output terminal 19K. The control circuit 
for controlling the control circuit 24, RAM 24B for 24 controls the variable-frequency oscillator 19 to con- 
storing various data to control the control circuit 24, trol the rotation of the color filter unit 13 based on the 
ROM 24C for storing data, such as the standard position 10 frequency of the signal which is output at the output 
data and the distance data, a discriminating data as de- terminal 19H. 

scribed below, and the program to control the control The red, green and blue images of the object 10 are 

circuit 24 and I/O port 24D. focused on the CCD 12 by the lens system 11 sequen- 

The control circuit 24 detects the area of the filters tially as the color filter unit 13 is routed. The magnitude 

14R, 14G, and 14B of the color filter unit 13 based on IS of the output signal of the CCD 12 is dependent on the 

input of the Hall IC 16, the rotating position data of the characteristics of the CCD 12, as shown in FIG. 4, and 

filters 14R, 14G, and 14B and the rotating speed of the the duration of reception of the color image. The output 

color filter unit 13 for discriminating the filters 14R, signal of the CCD 12 is converted into a corresponding 

14G, and 14B of the color filter unit 13 digital signal by the A/D converter 21 and then the 

The control circuit 24 monitors the magnitude of the 20 digital signal is given to the storage device 22 and the 

digital signal output by the A/D converter 21 to obtain control circuit 24. The control circuit 24 monitors the 

light intensity data representing the light intensity of a luminance of the input color image data on the basis of 

currently received image. the digital signal output by the A/D converter 21 and 

As shown in FIG. 4, the photoelectric conversion discriminates the overflow range, the high range, and 

characteristics of the CCD 12 are that the variation of 25 the low range by comparing the input color image data 

the current of the output analog signal of the CCD 12 is digital signal output (DSO) with the discriminating data 

proportional to the intensity of the incident light, (DD) representing the points Al and Bl. 

namely, the luminance on the CCD 12, in a linear range If the luminance is in the overflow range, that is, the 

of luminance and that the current of the output signal of input color image data DSO is greater than DD for the 

the CCD 12 saturates in an overflow range of luminance 30 point Al, the control circuit 24 controls the variable- 

beyond the linear range. The output current of the frequency oscillator 19 so that the frequency of the 

CCD 12 is integrated with respect to time for the dura- signal output by the variable-frequency oscillator 19 

tion of the incident light. increases. That is, the control circuit 24 outputs a signal 

The overflow range of luminance beyond the linear for selecting the Group signals (3) to the variablc-f re- 
range, that is, above a point Al described in FIG. 4 is 35 quency oscillator 19 so that the signal with the fre- 
deflned as the overflow range. A part of the linear range quency H3[Hz] is output at output terminal 19H and the 
of luminance under a point Bl shown in FIG. 4 is de- signal with the frequency K3[Hz] is output at output 
fined as a low range. The part of the linear range of terminal 19K. 

luminance between the point Al and the point Bl is The rotating speed of the color filter unit 13 increases 
defined as a high range. 40 with the increase of the frequency of the output signal 
The analog signal received from CCD 12 by the A/D that is output at the output terminal 19H. Since the 
converter 21 is converted to a digital signal and the output terminal 19K of the variable-frequency oscillator 
A/D converter 21 outputs the digital signal to the con- 19 is connected to the CCD driver 20, the A/D con- 
trol circuit 24. The control circuit 24 compares the verter 21 and the storage device 22 (FIG. 1) commonly, 
magnitude ofthe digital signal with signals which repre- 45 the speed of operation of the CCD 12, the A/D con- 
sent the points Al and Bl, as the discriminating data verter 21 and the storage device 22 increases with the 
previously noted, stored in the ROM 24C The control increase of the frequency of the output signal that is 
circuit 24 discriminates the overflow range based on the output at the output terminal 19K. 
magnitude of the signal output by the A/D converter 21 If the frequency of the output signal that is output by 
which is larger than that of the signal representing the 50 the variable-frequency oscillator increases, the follow- 
point Al, discriminates the high range based on the ing changes occur in synchronism with the frequency of 
magnitude of the signal output by the A/D converter 21 the output signal: 

which is between the point Al and the point Bl, and (1) data sampling period at which the output of the 

discriminates the low range based on the magnitude of CCD 12 is sampled is reduced so that the output signal 

the signal output by the A/D converter 21 which is 55 of the CCD 12 is in the linear range; 

smaller than that ofthe signal representing the point Bl. (2) A/D conversion of the A/D converter 21 in- 

The control circuit 24 controls the variable-fre- creases; 

quency oscillator 19 on the basis of the light intensity (3) data write speed at which the output signal of the 

data so that the frequency of the signal output by the A/D converter 21 is written in the storage device 22 

variable-frequency oscillator 19 is increased when the 60 increases based on the frequency ofthe signal applied to 

light intensity is in the overflow range and is decreased the write clock terminal of the storage device 22; and 

when the light intensity is in the low range. (4) routing speed of the color filter unit 13 increases. 

The operation of the step motor 17, the color filter If the frequency of the signal output at the terminal 

unit 13, the CCD 12, the A/D converter 21 and the 19K of the variable-frequency oscillator 19 increases, 

storage device 22 will be described hereinafter. 65 the rotating speed of the color filter unit 13 increases, so 

At first, the control circuit 24 outputs a signal for that the period of time of reception of each color image 

selecting the Group signals (2) to the variable-fre- (integral time) is decreased and the magnitude of the 

quency oscillator 19 so that the signal with the fre- output signal of the CCD 12 decreases even if the lumi- 
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nance on the CCD 12 is unchanged. Consequently, the 
brightness of the input image is reduced. 

Next, if the control circuit 24 outputs the signal for 
selecting the Group signals (2) to the variable-fre- 
quency oscillator 19 and the luminance is in the low 5 
range (FIG. 4), that is, the input color image data DSO 
is less than the DD for point Bl, the control circuit 24 
controls the variable-frequency oscillator 19 so that the 
frequency of the signal output by the variable-fre- 
quency oscillator 19 decreases. That is, the control 10 
circuit 24 outputs a signal, for selecting the Group sig- 
nals (1), to the variable-frequency oscillator 19 so that 
the signal with the frequency HI [Hz] is output at the 
output terminal 19H and the signal with the frequency 
Kl[Hz] is output at output terminal 19K. 15 
The control circuit 24 controls the variable-fre- 
quency oscillator 19 to control the respective oper- 
ating speeds of the CCD driver 20, the A/D con- 
verter 21 and the storage device 22 simultaneously 
based on the frequency of the signal which is out- 20 
put at the output terminal 19K of the variable-fre- 
quency oscillator 19. The control circuit 24 con- 
trols the variable-frequency oscillator 19 to control 
the rotation of the color filter unit 13 based on the 
frequency of the signal which is output at the out- 25 
put terminal 19H of the variable-frequency oscilla- 
tor 19. 

If the frequency of the variable-frequency oscillator 
19 decreases, the rotating speed of the color filter unit 
13 decreases, so that the period of time of reception of 30 
each color image is increased and the magnitude of the 
output signal of the CCD 12 increases. Consequently, 
the brightness of the input image is enhanced. 

If the frequency of the output signals that are output 
at the output terminals 19K and 19H decreases, changes 35 
reverse to those in (1), (2), (3) and (4) above occur. 

It is evident from the foregoing description that the 
images are written accurately in the storage device 
regardless of the rotating speed of the color filter unit 22 
because the control circuit 24 varies the respective op- 40 
erating speeds of the CCD 12, the A/D converter 21 
and the storage device 22 in addition to the rotating 
speed of the color filter unit 13. 

Thus, the image input operation can be completed in 
a short time because the color filter unit 13 is rotated at 45 
a higher routing speed for a brighter environment. 
Further, the resolution of the image pickup apparatus in 
reading a color image is not reduced to one-third the 
resolution in reading a black-and-white image, as shown 
in FIG. 10, because the image sensing elements 12 A arc 50 
not divided equally for the red, green and blue images. 

The image pickup apparatus of a second embodiment 
of the invention, shown in FIGS. 5 and 6, differs from 
the image pickup apparatus of the first embodiment 
only in apart of the control procedure and a setting key 55 
27 for setting one of a color image signal generating 
mode (a base mode) and a black-and-white image signal 
generating mode which is electrically connected to the 
control circuit 24. The setting key 27 functions as a 
setting means. Therefore the description of the appara- 60 
tus structure and those parts of the control procedure 
that are the same as that in the first embodiment will be 
omitted for the sake of brevity. 

The image pickup apparatus of the second embodi- 
ment has a control circuit 24 that operates in either a 65 
color image pickup mode or a black-and-white image 
pickup mode. The control circuit 24 controls the varia- 
ble-frequency oscillator 19 so that the step motor 17 
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operates at a rotating speed n for reading a color image 
and at a rotating speed 3n for reading a black-and-white 
image. 

The operating speed control operation of the control 
circuit 24 is determined on the basis of the setting key 27 
as shown in FIG. 6. At first, the control circuit 24 out- 
puts a signal for selecting the Group signals (2) (STEP 
1). The control circuit 24 detects the condition of the 
setting key 27 (STEP 2). When operation of the setting 
key 27 .indicates a color image signal generating mod, 
or base mode, (YES at Step 3), the color image signal 
generating mode of the control circuit 24 operates as 
follows. 

The control circuit 24 monitors the magnitude of the 
digital signal output by the A/D converter 21 (STEP 
4). The control circuit 24 compares the magnitude of 
the current digital signal (DSO) with the magnitude of 
the discriminating data (STEP 5). When the control 
circuit 24 discriminates the light intensity data corre- 
sponding to the overflow range (STEP 6), the control 
circuit 24 outputs a signal for selecting the Group sig- 
nals (3) to the variable-frequency oscillator 19 so that 
the signal with the frequency H3[Hz] is output at output 
terminal 19H and the signal with the frequency K3(Hz] 
is output at output terminal 19K (STEP 7). 

When the control circuit 24 discriminates the light 
intensity data corresponding to the high range (STEP 
8), the control circuit 24 outputs a signal for selecting 
the Group signals (2) to the variable-frequency oscilla- 
tor 19 so that the signal with the frequency H2[Hz] is 
output at output terminal 19H and the signal with the 
frequency K2[Hz] is output at output terminal 19K 
(STEP 9). When the control circuit 24 discriminates the 
light intensity data corresponding to the low range 
(STEP 10), the control circuit 24 outputs a signal for 
selecting the Group signals (1) to the variable-fre- 
quency oscillator 19 so that the signal with the fre- 
quency HlfHz] is output at output terminal 19H and the 
signal with the frequency Kl[Hz) is output at output 
terminal 19K (STEP 11). 

When operation of the setting key 27 setting indicates 
a black-and-white image pickup mode (NO at STEP 3), 
the black-and-white image pickup mode of the control 
circuit 24 operates as follows. 

The control circuit 24 monitors the magnitude of the 
digital signal output (DSO) by the A/D converter 21 
(STEP 12). The control circuit 24 compares the magni- 
tude of the current digital signal (DSO) with the magni- 
tude of the discriminating data (STEP 13). When the 
control circuit 24 discriminates the light intensity data 
corresponding to the overflow range (STEP 14), the 
control circuit 24 outputs a signal for selecting the 
Group signals (6) to the variable-frequency oscillator 19 
so that the signal with the frequency H3[Hz] is output at 
output terminal 19H and the signal with the frequency 
3*K3[Hz] is output at output terminal 19K (STEP 15). 
When the control circuit 24 discriminates the light in- 
tensity data corresponding to the high range (STEP 16), 
the control circuit 24 outputs a signal for selecting the 
Group signals (5) to the variable-frequency oscillator 19 
so that the signal with the frequency H2[Hz] is output at 
output terminal 19H and the signal with the frequency 
3*K2[HzJ is output at output terminal 19K (STEP 17). 
When the control circuit 24 discriminates the light in- 
tensity data corresponding to the low range (STEP 18), 
the control circuit 24 outputs a signal for selecting the 
Group signals (4) to the variable-frequency oscillator 19 
so that the signal with the frequency HI [Hz] is output at 



08/11/2004, EAST Version: 1.4.1 



5,155, 

11 

output terminal 19K and the signal with the frequency 
3*Kl(Hz] is output at output terminal 19H (STEP 19). 

The data for a color image is obtained when the time 
T is equal to the time required for turning the color 
Alter unit 13 through an angle of 120* in reading a color 3 
of the image, as shown in FIG. 12, i.e. a time 3T passes 
for integration of the color image. In reading a black- 
and-white image, with reference to FIG. 7, the total 
time T for integration is equal to the time T for reading 
a single color of a color image, and the rotating speed of 10 
the color filter unit 13 is 3n (n is the rotating speed of the 
color Miter unit 13 in reading a color of a color image). 
As shown in FIG. 7, the color filter unit 13 turns one 
full turn in the time T for integration in reading a black- 
and-white image. Therefore, red, green and blue image 15 
signals are added, namely, red, green and blue images 
are mixed, to provide an accurate black-and-white im- 
age. 

As is apparent from the foregoing description, the 
image pickup apparatus in the second embodiment takes 
red, green and blue images in the time T for integration 
in which one of the three color images is to be taken 
and, consequently, the CCD 12 is able to receive a 
sufficient quantity of light for the red, green and blue ^ 
images so that the red, green and blue images can accu- 
rately be taken and mixed to obtain an accurate black- 
and-white image. 

The CCD 12, i.e., the linear image sensor, employed 
in the foregoing embodiments of the present invention J0 
may be replaced by an area image sensor. The color 
filter unit 13 having the shape of a disk may be replaced 
by a parallel arrangement of rectangular color filters. 
Further, the color filter unit 13 having the shape of a 
disk and provided with three sectorial color filters hav- ^ 
ing equal central angles of 120* may be replaced by a 
color filter unit having the shape of a disk and provided 
with three sectorial color filters, respectively, having 
different central angles. 

While this invention has been described in connection ^ 
with specific embodiments thereof, it is evident that 
many alternative modifications and variations, such as 
those identified above, will be apparent to those skilled 
in the art. Accordingly, the preferred embodiments of 
the invention as set forth herein are intended to be illus- 45 
trative, not limitative. Various changes may be made 
without departing from the spirit and scope of the in- 
vention as defined in the following claims. 

What is claimed is: 

1. An image pickup apparatus comprising: 50 
an image pickup means for receiving light thereon 

and for generating electric signals corresponding 
to integrals of luminances of the light with respect 
to time and for outputting the electric signals; 

a color filter unit including at least two different color 55 
filters which are respectively disposed on an opti- 
cal path of light falling on said image pickup means; 

a moving means for moving said color filter unit 
relative to said image pickup means to locate the 
color filters sequentially on the optical path; and 60 

a control means for controlling said moving means to 
vary a moving speed of said color filter unit based 
on an environmental illumination level. 

2. The image pickup apparatus as claimed in claim 1, 
wherein said control means is electrically connected to 65 
said image pickup means so that said control means 
monitors a magnitude of the electric signals to detect 
the environmental illumination level. 



3. The image pickup apparatus as claimed in claim 1, 
wherein said control means further comprises variable- 
frequency oscillator which is electrically connected to 
said moving means to vary the moving speed of the 
color filter unit. 

4. An image pickup apparatus comprising: 

an image pickup means for receiving light thereon 
and for generating electric signals corresponding 
to integrals of luminances of the light with respect 
to time and for outputting the electric signals; 

a color filter unit including red, green, blue color 
fillers which are respectively disposed on an opti- 
cal path of light falling on said image pickup means; 

a moving means for moving said color filter unit 
relative to said image pickup means to locate the 
color filters sequentially on the optical path; 

a mode setting means for setting one of a color image 
signal generating mode and a black-and-white 
image signal generating mode; and 

a control means for controlling said moving means so 
thai said color filter unit is moved at a first speed n 
when the color image signal generating mode is set 
by said mode setting means and at a second speed 
3n, n being a positive integer, times the first speed 
when the black-and-white image signal generating 
mode is set by the said mode setting means. 

5. An image pickup apparatus comprising: 

an image pickup means for receiving light thereon 
and outputting an electronic signal corresponding 
to a level of the light received with respect to time; 

a color filter unit including at least two different color 
filters which are disposed on an optical path or 
falling on said image pickup means; 

a moving means for moving said color filter unit 
relative to said image pickup means to sequentially 
locate said at least two different color filters se- 
quentially on the optical path; and 

a control means for controlling said moving means to 
vary a moving speed of said color filter unit based 
on the electric signal output by said image pickup 
means when operated in a base mode, said electric 
signal providing a measure of luminance. 

6. The image pickup apparatus as claimed in claim 5, 
wherein said at least two different color filters comprise 
red, green and blue filters. 

7. The image pickup apparatus as claimed in claim 5, 
wherein said control means compares said electric sig- 
nal from said image pickup means in the base mode to 
discriminating data to determine whether the luminance 
is in one of a condition of overflow, high range and low 
range luminance. 

8. The image pickup apparatus as claimed in claim 7, 
further comprising a mode setting means for setting one 
of a color image signal generating mode and a back and 
white image signal generating mode, said color image 
signal generating mode being the base mode. 

9. The image pickup apparatus as claimed in claim 8, 
wherein said control means controls said moving means 
so that said color filter unit is moved at a first speed 
when the color image signal generating mode is set by 
said mode setting means and at a second speed when the 
black and white image signal generating mode is set nu 
said mode setting means. 

10. The image pickup apparatus as claimed in claim 9, 
where said second speed is three times as great as said 
first speed. 

11. The image pickup apparatus as claimed in claim 
10, wherein said first speed and said second speed are a 
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function of whether the level of luminance is an over- 
flow level, a high range level, or in a low range level. 

12. The image pickup apparatus as claimed in claim 1, 
wherein the image pickup means further comprises a 
charge coupled means which receives light thereon and 
generates electric signals corresponding to integrals of 
luminances of the light with respect to time and outputs 
analog electric signals. 

13. The image pickup apparatus as claimed in claim 
12, wherein the charge coupled means is electrically 
connected to an analog-to-digital converting means so 
that the analog-to-digital converting means converts 



55,585 

14 

analog electric signals output by the charge coupled 
means into digital signals. 

14. The image pickup apparatus as claimed in claim 

13, wherein the analog-to-digital convening means is 
5 electrically connected to a storing means so that the 

digital signals output by the analog-to-digitaJ convert- 
ing means is output to the storing means. 

15. The image pickup apparatus as claimed in claim 

14, wherein the control means controls the charge cou- 
10 pled means, the analog-to-digital converting means and 

the storing means to vary operational speeds of the 
charge coupled means, the analog-to-digital converting 
means and the storing means based on the environmen- 
tal illumination level. 
15 • * * * * 
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